Plackett-Burman design was applied to identify the most significant factors in the removal of Basic Blue 3 (BB3), Methylene Blue (MB) and Basic Yellow 11 (BY11) by natural sugarcane bagasse. The effect of operating parameters on dye uptake was studied in a batch system and a mathematical model showing the influence of each variable was obtained. The interaction between the factors and their optimum levels for maximum percentage uptake of BB3 and MB were determined using Response Surface Methodology (RSM). Both models were highly significant with correlation coefficients (R 2 ) of 0.9932 and 0.9944 for BB3 and MB, respectively in binary dye solution. For BB3, the optimum adsorption conditions were determined as initial pH 6.00, contact time 122.50 min, initial dye concentration 50 mg/L and sorbent dosage 0.09 g. Whereas for MB, the model predicted that an uptake greater than 90% could be obtained when the initial dye concentration, contact time and sorbent dosage were set at 80.40 mg/L, 192.37 min and 0.17 g, respectively. The percentage uptake predicted by the model was in good agreement with the experimental values.
Introduction
Synthetic dyes are extensively used in many industries to colour their products. Total world colourant production is estimated to be 800,000 ton/y, however at least 10% of the used dyestuff enters the environment through wastes [1, 2] . Being highly colored, the presence of dyes even in trace quantities is aesthetically unacceptable and very undesirable in aqueous environment. Moreover, many dyes are difficult to degrade, as they are generally stable to light, oxidizing agent, and are resistant to aerobic digestion [3] . Hence, contaminations due to dyes pose not only a severe public health concern, but also many serious environmental problems because of their persistence in nature and nonbiodegradable characteristics.
Conventional treatment technologies for dye removal from industrial wastewater include activated sludge, chemical coagulation carbon adsorption and photodegradation process. Amongst all, the adsorption process by activated carbon is proven to be one of the most efficient methods due to its capability to adsorb many types of dyes with high adsorption capacity. However, it remains as an expensive adsorbent and has high regeneration cost while being exhausted [4] .
Considerable research has been carried out in developing cost-effective techniques for the removal of dyes. One of the techniques includes the utilization of low cost materials as the biosorbents. Various agricultural wastes or by-products have been investigated intensively for their ability to remove dyes and these include orange peel [5, 6] , rice husk [7] [8] [9] [10] , sugarcane bagasse [11] , pineapple stem [12] , spent tea leaves [13] and wheat straw [14] . Because of natural and abundant availability, sugarcane bagasse (SB), a major by-product of the sugar cane industry which contains about 50% cellulose, 25% hemicellulose and 25% lignin [15] , is chosen as the biosorbent in this study. SB has also been previously studied for removing acid dyes such as acid red 114 and acid blue 25 [16] , direct dyes [17] and reactive dyes [18] .
Biosorption capacity may be significantly influenced by the operating parameters such as pH, initial concentration, contact time and sorbent dosage. Conventional and classical methods of studying a process by maintaining other factors involved at an unspecified constant level does not describe the combined effect of all the factors involved [19] . Apart from time consuming, this method also does not guarantee the determination of optimal conditions [20, 21] . These limitations of conventional methods can be eliminated by introducing statistically experiment design such as Plackett-Burman design and RSM.
Plackett-Burman design determines the most important variables for further optimization and provides unbiased estimates of linear of all variables with maximum accuracy for a given number of observations [20] , whereas, RSM optimize all the affecting parameters collectively [22] . The main objective of RSM is to determine the optimum operational conditions of the system or to determine a region that satisfies the operational specifications [23] . In addition, the application of statistical experimental design techniques in adsorption process development improved product yields, reduced process variability, closer confirmation of output response to nominal and target requirements, and reduced development time and overall costs [24] . In this study, adsorption performance of sugarcane bagasse in the removal of basic dyes, namely, BB3, MB and BY11 in binary dye solutions were studied. The interaction between the factors was studied and optimized using Response Surface Methodology.
Materials and methods

Preparation of sorbent
Sugarcane bagasse was collected and cut into small pieces. Then the bagasse was boiled for 3 h to remove the sugar residue within it. It was rinsed several time with tap water and dried overnight at 60°C. The dried bagasse was ground and sieved through a 3 mm sieve and labeled as NSB.
Preparation of dye solutions
Synthetic dye solutions of BB3, MB and BY11 were used as the sorbates in this study and their structures are illustrated in Fig. 1 . The cationic dye BB3 (C.I. = 378011, 25% dye content), MB (C.I. = M9140, 82% dye content) and BY11 (C.I. = B7133, 20% dye content) were used without further purification. All synthetic dyes used in this study were purchased from Sigma-Aldrich Pte. Ltd., USA. Standard dyes solutions of 1000 mg L -1 were prepared as stock solutions and subsequently diluted when necessary.
Plackett-Burman design
Plackett-Burman design was used to evaluate the relative importance of various factors that influence the percentage uptake of dyes. The purpose of applying this method is to identify which factor(s) has a significant effect on the percentage uptake of the dyes. In this study, 5 assigned variables (pH, contact time, initial dye concentration, sorbent particle size and sorbent dosage) were screened in 12 experimental designs. of the selected results for the removal of BB3 and MB in binary dye solutions from the 12 experimental designs.
All the experiments were carried out in duplicate and the means of the percentage uptake of dyes were taken as response. The experimental design and statistical analysis of the data were done by using Design Expert Version 7.1.3.
Optimization of percentage uptake of dye using RSM approach
In this study, central composite design (CCD) model was used. The variables used for the studied dye at five coded levels (-α, -1, 0, +1, +α) for BB3 and MB in binary dye solutions are shown in Table 2 . Some of the selected central composite design matrix of independent variables and the observed response for BB3 and MB in binary dye solutions are shown in Table 3 and 4, respectively. All the experiments were conducted in duplicate and the mean values of the duplicates were taken as the response (percentage uptake of dyes). Cubic equation used for optimization of the percentage uptake of dye is shown as follows:
where β o , β i , β ii , β iii , β ij , β ijj and β iij are the constant coefficients, and X i , and X j are the independent variables. All the experimental design and statistical analysis of the data were done by using Design Expert Version 7.1.3.
Results and discussion
Evaluation of important variables for dyes uptake
Plackett-Burman design was used to determine the relative importance of the various variables that affects the percentage uptake of dye. Table 5 shows the analysis Table 5 . Contact time, initial dye concentration and sorbent dosage were the significant model terms for MB. For BY11 in both BB3-BY11 and MB-BY11 dye solutions, both models were insignificant as both Prob > F values were greater than 0.05. All the studied factors were not significant for BY11 in both binary dye solutions. Operation conditions: pH, initial dye concentration, contact time and sorbent dosage were reported as important factors which influenced the percentage uptake of dyes in conventional batch study [8, 12] .
Verification of Plackett-Burman design models
The function of desirability was applied using Design-Expert Version 7.1.3 to validate the models. The experimental conditions having the highest desirability were chosen to be verified and the experimental results obtained agreed well with the predicted values for both models. The percentage errors between the actual and predicted values were 5.33% and 3.80% for BB3 and MB, respectively in binary dye solutions. The models of BY11 in both MB-BY11 and BB3-BY11 dye solutions were not verified due to their insignificancy of the models.
Data analysis by RSM
The effect of pH, contact time, initial dye concentrations and sorbent dosage on the percentage uptake of BB3 and the effect of contact time, initial dye concentration and sorbent dosage on percentage uptake of MB in binary dye solution were studied using RSM. The modified cubic models describing the correlation between the variables and the percentage uptake for both dyes were shown as follows: BB3 in binary dye solution: 
where A = pH, B = contact time, C = sorbent dosage and D = initial dye concentration. Tables 6 and 7 show the ANOVA regression analysis for both BB3 and MB in binary dye solutions. Both models were significant (P < 0.0001) with F-value of 156.95 and 387.56 for BB3 and MB, respectively. Coefficient of determination (R 2 ) for BB3 was found to be 0.9932 while the rest (0.68%) was explained as residues. On the other hand, R 2 for MB was reported as 0.9944. Both of the R 2 values were relatively high, showing that there were good agreements between the experimental and predicted values in both models. The closer the R 2 is to unity, the stronger the model and the better it predicts the response [25] . The predicted multiple correlation coefficient (predicted R 2 ) value of 0.9653 is reasonable agreement with the adjusted multiple correlation coefficient (adjusted R 2 ) value of 0.9869 for BB3. Meanwhile, the value of predicted The lack-of-fit observed for BB3 and MB models were 0.0593 and 0.0529, respectively. The not significant in lackof-fit implies that the model was valid. The coefficient of variance (C.V.) of BB3 model was reported as 2.07%. Meanwhile, the C.V. for MB model was 1.95%. The lower of the C.V. value, the greater is the precision and reliability of the experiments carried out [26] . Adequate precision indicates the signal to noise ratio and a ratio greater than 4 is desirable. A ratio of 44.178 and 67.018 obtained for BB3 and MB, respectively, showed an adequate signal.
Thus, both models can be used to navigate the design space. Table 6 shows all the coefficients were significant (P < 0.05) except AB, AC, BC, B 2 and A 2 D, AB, AC, BC, B 2 and A 2 D; however it cannot be eliminated in order to support the hierarchy model. For MB model (Table 7) , all the coefficients were significant. BY11 in both BB3-BY11 and MB-BY11 dye solutions were not studied using RSM due to the insignificancy of all the studied factors at Plackett-Burman studies.
The interaction between two factors and their optimum levels can be easily understood and located using response surface plot [26] . Fig. 2 shows the 3D surface plot for BB3 binary dye solution of interaction between pH and initial dye concentration at contact time of 122.50 min and 0.16 g of sorbent dosage. The maximum percentage uptake of BB3 dye was observed when initial dye concentration was at minimum point while pH was at maximum point within the studied range. As the initial dye concentration increased the percentage uptake decreased. Decrease in percentage uptake at high initial dye concentration might be due to insufficient of available binding sites and increase in the ratio of the BB3's cations to the adsorbent adsorbent. Similar observation was observed in the removal of Methylene Blue [27] . Maximum percentage uptake was observed at higher pH due to the increase number of negatively charged sites. The surface charge may be positively charged at lower pH, therefore making (H + ) ions compete effectively with dye causing a decline in the percentage uptake [12] . Fig. 3 exhibits the 3D surface plot for BB3 binary dye solution of interaction between pH and sorbent dosage at contact time of 122.50 min and initial dye concentration of 100 mg/g. Maximum percentage uptake was attained when both pH and sorbent dosage were at maximum level. Increase in sorbent dosage led to an increase in the percentage uptake of dyes and this could be explained by an increase in sorbent sites against the available sorbate. Similar observation was reported in the removal of basic and reactive dyes [8] . As pH increased, sorption became favorable due to the deprotonation of the carboxyl groups (-COO -), resulting in sorption sites that were available for binding with BB3 [8] . With increasing pH, the number of positively charged sites decreased and the number of negatively charged sites increased [8] . This phenomenon favors the sorption of positively charged dye due to electrostatic attraction [8, 27] . Fig. 4 shows the 3D surface plot for BB3 binary dye solution of interaction between contact time and sorbent dosage at pH of 6 and initial dye concentration of 100 mg/g. From the 3D plot, maximum percentage uptake was observed when both contact time and sorbent dosage were at maximum point. Minimal changes in percentage uptake were observed as the contact time increased. This shows that the equilibrium time of sorption was reached at the studied contact time frame and the percentage uptake remained almost constant. The time required to attain equilibrium was termed as equilibrium time, and the amount of dye adsorbed at equilibrium time reflects the maximum adsorption capacity of the adsorbent [28] . The optimum values of experiment factors obtained were pH 6, 122.50 min of contact time, 0.09 g of sorbent dosage and 50 mg/L of initial dye concentration. At these optimum operational values, the model predicted 93.29% uptake. Fig. 5 represents the 3D surface plot for MB binary dye solution of interaction between sorbent dosage and initial dye concentration at contact time of 122.50 min. From the 3D plot, the maximum percentage uptake was obtained when the load of sorbent dosage was at maximum while the initial dye concentration at minimum. The percentage uptake increased as the dosage of sorbent increased. This was due to the increase of the binding sites as the sorbent dosage increased. Similar observation was obtained in the removal of Basic Yellow 11 using Sargassum binderi [29] and basic dyes using NTA sugarcane bagasse [30] .
Optimum operational values were reported as 192.37 min of contact time, 0.17 g of sorbent dosage and 80.40 mg/L of initial dye concentration. The model predicted 95.06% uptake at these optimum operational values.
Verification of RSM models
In order to determine the validation of the model equations for both studied dyes, experiments were conducted based on the experimental conditions with the highest desirability which generated by Design Expert v.7.1.3 software. From the experimental results obtained, the percentage uptake for BB3 and MB in binary dye solutions were 94.33% and 91.85%, respectively. Both of the results were closed to the predicted results with percentage errors of 0.99% and 1.54% for binary BB3 and binary MB, respectively. Hence, both models can be concluded as valid. Similar observation was reported by Wang and Hsieh [31] .
Conclusion
The optimization and the modeling of percentage uptake of BB3, MB and BY11 in binary dye solutions were conducted using Plackett-Burman design and RSM. Plackett-Burman design was successfully applied to identify the most significant factors which influence the percentage uptake of the dyes. By using RSM, a set of optimal reaction conditions for BB3 uptake was obtained with the compromise of these responses: pH (6.00), contact time (122.50 min), initial dye concentration (50 mg/L) and sorbent dosage (0.09 g). Meanwhile, the optimal conditions for MB uptake were identified as 192.37 min of contact time, 80.40 mg/L of initial dye concentration and 0.17 g of sorbent dosage. Under optimal values of operating parameters, high percentage uptake of both dyes was achieved (> 90%). The model employed provided good quality of predictions in terms of dye uptake and correlation coefficients.
